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Abstract

Benchmarking has always been a crucial problem in content-based image retrieval (CBIR). A
key issue is the lack of a common access method to retrieval systems, such as SQL for
relational databases. The Multimedia Retrieval Mark-up Language (MRML) solves this
problem by standardizing access to CBIR systems (CBIRSs). Other difficult problems are also
shortly addressed, such as obtaining relevance judgments and choosing a database for
performance comparison. In this article we present a fully automated benchmark for CBIRSs
based on MRML, which can be adapted to any image database and almost any kind of
relevance judgment. The test evaluates the performance of positive and negative relevance
feedback, which can be generated automatically from the relevance judgments. To illustrate
our purpose, a freely available, non-copyright image collection is used to evaluate our CBIRS,
Viper. All scripts described here are also freely available for download.
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û ➉✎➆◆➉❥➈✰ü û ➙✒➇✞➆✰➼✁➇✞➆❈ý✸❿✁➆❈➅✸❿❈➇✞➆✰❾t➜◆➇❈➙✞ü

û ➼t➜✸ý✁➄✞➅✰➈✰➈✞➇❈➄✸❾t➜✸➅✸➝✪➈✪➜✒➙✸❾❈ü
û ➼t➜✸ý✁➄✞➅✰➈✰➈✞➇❈➄✸❾t➜✸➅✸➝➝❈➛✫➉t➇✞þ❥ÿ✁�❈➛❈➙◆❽❥➜⑧➝✁➞✰❾❈➅✸➝✄✂✰➆❈➅✸➡✰➝✁➠✁❾✰➆✞➡❈❾✞❽❘ÿ❅➁✰ü

û ➁✒➼t➜✸ý✁➄✞➅✰➈✰➈✞➇❈➄✸❾t➜✸➅✸➝✪➈✪➜✒➙✸❾❈ü
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❊✧❑❈❖❡▲❥❱✸❋❍❪❯❑✝♣✧✙✘❵❍❵✭❋❩◗✐▲❯❖❯❑✪▼✩▲❯❏✸❑②❏✒❑✁❲✇❑❈❏✒❏✒❑✪❫✈❱✸❙✛❣✄r✐❱✸❳✧❑✪❋❩❏✒�✂✠✘➚➑▼❈♣
û ➉✎➆◆➉❥➈❞➙✒➇❈➙✰➙❈➜✸➅✸➝✪ý✪➜✫➠✰þ❥ÿ✡☎✁ÿ✛❾✰➆✁➛✒➝✎➙✒➛❈➄✸❾t➜✸➅✸➝✪ý✪➜✫➠✰þ❥ÿ☞☛✌☛❥ÿ◆ü
û✎✍ ➡❈➇✞➆✌✏❈ý✁➙✸❾✁➇✒❿q➙✒➇❈➙✰➙❈➜✸➅✸➝✪ý✪➜✫➠✰þ❥ÿ✡☎✁ÿ➆✁➇❈➙◆➡✪➈✒❾✪➙❈➜✒✑✁➇✞þ❥ÿ✒✓✌✔tÿ
û ➡✎➙✒➇✞➆❈ý✒➆✁➇✁➈✞➇✞➼✁➛✒➝✎➄✒➇✁ý✰➈✪➜✒➙✸❾❈ü
û ➡✎➙✒➇✞➆❈ý✒➆✁➇✁➈✞➇✞➼✁➛✒➝✎➄✒➇✁ý✞➇✁➈✞➇✫➉t➇✒➝✁❾➜➢➉t➛✞➞✁➇✁ý✰➈✰➅✁➄✒➛✞❾t➜✸➅✸➝✁þ❥ÿ❤❽✁❾✰❾✞❿✴➀✇➁✰➁✞➼t➜⑧❿❈➇✰➆✧➃❍➡✁➝❥➜✫➞✁➇✴➃☛➄◆❽✎➁✕☎❯➃✞✝✞❿✁➞❥ÿ
➡✎➙✒➇✞➆❈ý✒➆✁➇✁➈✞➇✞➼✁➛✒➝✎➄✒➇✞þ❥ÿ✡☎✁ÿ◆➁✰ü
û ➡✎➙✒➇✞➆❈ý✒➆✁➇✁➈✞➇✞➼✁➛✒➝✎➄✒➇✁ý✞➇✁➈✞➇✫➉t➇✒➝✁❾➜➢➉t➛✞➞✁➇✁ý✰➈✰➅✁➄✒➛✞❾t➜✸➅✸➝✁þ❥ÿ❤❽✁❾✰❾✞❿✴➀✇➁✰➁✞➼t➜⑧❿❈➇✰➆✧➃❍➡✁➝❥➜✫➞✁➇✴➃☛➄◆❽✎➁✡✟✯➃✞✝✞❿✁➞❥ÿ
➡✎➙✒➇✞➆❈ý✒➆✁➇✁➈✞➇✞➼✁➛✒➝✎➄✒➇✞þ❥ÿ◆ý✕☎✁ÿ◆➁✰ü

û ➁✸➡✎➙✒➇✞➆❈ý✒➆✁➇✁➈✞➇✞➼✁➛✒➝✎➄✒➇✁ý✰➈✪➜✒➙✸❾❈ü
û ➁ ✍ ➡❈➇✞➆✌✏❈ý✁➙✸❾✁➇✒❿✪ü û ➁⑧➉✎➆◆➉❥➈✰ü
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➶✁✲❊➻✰Ï✍Ñ❊Ò❈Ó❡➹ ➘✜➘❃➷✰✓➹äàÕ❡✆✟Û☞Ø✪Ð ➟ ÷ ➟ ö✔❐❮ä✚✕✳Ø➪é➄×✍Õ➹Ð✍Ø⑤á✬Ï❂×✍Ø➪❒✧❐❮ä✐✡❋Ï✪✆❻Ö❴Õ➹×✍Ø➄Ð✕ßàé➪❐❮Ø➪ä❴é➪Ø✪✓❴Ö❴Ô❂ï✵Ø➄❒✡õ✵ò✵õ✘Ô➹õ♠Õ➴ò❘✓ ✍ ✆❻❒ ×✍Ø➄Ð✮Ù➫Ô✪✆✛✓à➱✤✃➫Øá✬Ø➄×✍✃❴Ø➄Ð✍åãÔÑä✘Ù➫❒✞✓❧➤✵Õ➫ä❴Ø☎ò✘ÔÞö ➟ ø❂ø✵øàñ❆ß➹Ö➹Ð✍❐❮ä❴ï✵Ø✪Ð✝ô✝Ö❈Ø➄Ð✍åãÔ❂ï➹ñ

➟ Õ ➠ ➤➫ñ❞➦✚ÔÑÒ➹❐❮ä➫❒❋ÔÑä✘Ù✬✗ ñ❀➢✬Ð✮ÔÑ✃✘Ô✪✆Óñ✧✡❋Ï✵äÞ×✍Ø➪äÞ×✝ô Û✘Ô❂❒✝Ø➪Ù✔❐✮✆➏ÔÑï✵Ø✧Ð✍Ø➄×✝Ð✍❐❮Ø✞✠❂Ô❂åðñ➓➱✷Ø➪é✮✃❴ä➫❐❮éÚÔ❂å✘ì✡Ø➪Ö☞ÏÑÐ✝×✤➱✷Ø➄é✪✃➫ä❴❐❮éÚÔ❂å❴ì✬Ø➪Ö☞ÏÑÐ✝×❛➤➴➱ ✍ ✃➶ôó❣Õ✵ø❯✓➍➤ ☞ ß✝✡❩➱✷Ø➪é✮✃❴ä❴Ï❂å❮Ï✵ï❂Ý ✍ Ö➫Ö❴å❮❐❮éÚÔÑ×✍❐❮Ï❂ä⑥✃✿Ð✍Ï❂ï❂Ð✮Ô❈✆✛✓☞òÑó✵ó✵óàñ
➟ ö ➠ á✂ñ✬➤➫ñq➢⑤Õ❴äÞ×✍✃➫Ø➄Ð★ÔÑä✘Ù♦➢✒ñ ☎ Ø➄Ð✍Ø✪×✝×✮Ô➹ñ ✍ Û☞Ø➪ä➫é✪✃✝✆➏ÔÑÐ✍Ò➏çèÏ❂Ð★❐✮✆➏ÔÑï✵Ø✂Ð✍Ø➄×✝Ð✍❐❮Ø✞✠✵ÔÑå➶Õ❴❒✝❐❮ä❴ï✜Ù➹❐ã❒ ×✝Ð✍❐❮Û➫Õ➫×✍ØÚÙÜ❒ Ý➹❒ ×✍Ø✞✆❻❒⑤Ï✁✠➴Ø✪Ð⑤×✍✃❴Ø❐❮äÞ×✍Ø➄Ð✍ä❴Ø✪×✩× ☎ ❐ëÐ✮Ù➫❒ ô ❐ðñ✬➱✷Ø➪é✮✃❴ä❴❐❮éÚÔÑå✷Ð✍Ø➪Ö☞ÏÑÐ✝×✰✓✬➡❤✃❬✕✳Ô❂Û❴❒✞✓❏✃➶ÔÑå❮Ï ✍ å❮×✍Ï❯✓❆➱✷Ø➪é✮✃❴ä➫❐❮éÚÔ❂å✼ì✡Ø➪Ö☞ÏÑÐ✝×❤➡❤✃✤✕➓ô òÑó✵ó✵óâô ➟ ÷➴ò❥✓✷ß➫Ô❂ä♣➤❂Ï✵❒✝Ø✎✓òÑó✵ó ➟ ñ
➟ õ ➠ ✡✬ñ➍➤❧ØÏ❂Ð✍ï❂Ø➪ä❴❒✝Ø➪ä➓ñ❸✡❋åãÔ❂❒✝❒✝❐ëç❍Ý➹❐❮ä❴ï➏❐✟✆➏Ô❂ï❂Ø➪❒✘×❧✡✚Ð✍❐ë×✍Ø➄Ð✍❐ãÔ✔çèÏÑÐ⑤ïÑÐ✍Ï✵Õ➫Ö❴❐❮ä❴ï➏ÔÑ❒✡Ð✍Ø✞✠✵ØÚÔ❂å❮ØÚÙ➝❐❮ä✺Ô✔❒✝ÏÑÐ✝×✍❐ãä➫ï✔×✮Ô❂❒✝Ò☞ñ ☞ ä♣➧✾✷✧➨✩➫◆✶✫✶✧➭✪✳✄➯❩➲❣➳

➨➩➵❡➸✾➺❡✶❅Ù♠➸✾➺⑥Ò❖Ï❀➻✰Ï♦Ï❀➻♠Ú✱Û ➾➉ÜÝ➾ ➽Þ➼♠➳✰➳✫✳ ß❛➫✥➼❣➸➟✳P➨❣➯❞✷✫✶❘➳✒✶✧➼✪✷✧➫✰➺áà❍➨✪✷✥â♠➳➩➺❙➨◆✵✄✓✷Ö❴Ô❂ï❂Ø➪❒★÷✵õ✩Ô➹ù♠➬❯✓⑤✡❋✃❴❐❮éÚÔÑï✵Ï✝✓ ☞ å➟✓❊ã★ß ✍ ✓✧✣⑤é➄×✍Ï❂Û☞Ø➄Ð➟ ø✵ø➴õÞñ
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☞ ß❡✣✠å ☞ ➦✌✡❳➤✵➱❧✡ ➟ å✵ß✝✡✧ò❂ø✁å✹❐❳➢ ➟✵➟ ✓ ☞ äÞ×✍Ø➄Ð✍ä❴ÔÑ×✍❐❮Ï✵ä❴Ô❂å✉✣✬Ð✍ï➴ÔÑä❴❐❮❒✍ÔÑ×✍❐❮Ï✵äÓç❍Ï❂Ð⑤ßà×✮ÔÑä✘Ù➫ÔÑÐ✮Ù➫❐❮❒✍Ôâ×✍❐ãÏ❂ä✙✓✯✣⑤é➄×✍Ï✵Û☞Ø➄Ð ➟ ø✵ø❣➬➹ñ
➟ ù ➠ ➡✂ñ✴✗➑ØÕ❴å❮å❮Ø➄Ð✰✓q❐✗ñ✙✗➑ØÕ❴å❮å❮Ø➄Ð✰✓✼ß❆ñ✙✗ÓÔâÐ✍é✪✃❴Ô❂ä✘Ùàô➐✗ÓÔ❂❐❮å❮åãØ✪×✰✓✼ÔÑä✘Ù♣➮✟ñ✴✗ ñ✷ß❙äÞÕ❴❐ëÐ✍Ø✵ñ✎ßà×✝Ð✮Ôâ×✍Ø➪ï✵❐❮Ø➪❒★ç❍Ï❂Ð☎Ö☞Ï✵❒✝❐ë×✍❐✟✠➴Ø✟Ô❂ä✘ÙÜä➫Ø➪ï➴Ôâ×✍❐✮✠✵ØÐ✍Ø➪å❮Ø✞✠❂Ô❂ä➫é➪Ø➵ç❍Ø➪ØÚÙ➹Û✘Ô❂é✮Ò✦❐❮ä ❐✟✆➏Ô❂ï❂Ø➵Ð✍Ø➄×✝Ð✍❐❮Ø✞✠❂Ô❂åðñ ☞ ä ✍ ñ✚ß➹Ô❂ä➫ç❍Ø➪å❮❐❮Õ✙✓➎➤➫ñ❦Ö✬❐ãå❮åãÔ❂äàÕ➫Ø✞✠✵Ô❘✓✑✗ ñ❦Ö✚Ô❂ä➹Ð✍Ø➪å❮å✇✓❋ì✂ñ ✍ å✐äàÕ➫Ø✞✜ÚÔâÐ✰✓s➤➫ñ ô

✣✒ñ➎➦✿Òàå❮Õ❴ä✘Ù➹✃✙✓⑤Ô❂ä❴Ù➒æ✟ñ ✍ å❮Ï❂❐✮✆❻Ï❂ä❴Ï❂❒✞✓★ØÚÙ➹❐❮×✍ÏÑÐ✍❒✞✓❡➧✾✷✧➨✩➫◆✶✫✶✧➭✪✳✄➯❩➲❣➳➁➨➩➵♣➸✾➺❡✶♣➻✰➯❧➸➢✶✸✷✰➯❊➼❣➸➟✳ç➨❣➯❊➼✁➽ ➾ ➨❣➯✘➵✰✶✸✷✫✶❘➯➍➫◆✶④➨❣➯t➧➎➼❣➸ç➸➢✶✸✷✰➯
Ü ✶✧➫✰➨✥➲❣➯✝✳✄➸➟✳P➨❣➯➅➶✄➻ ➾ ➧ Ü ➹ è❩é✜é✜é❘➷✰✓➫Ö✘Ô❂ï❂Ø➪❒ ➟ óÑö✜Õ✹Ô ➟ óÑö➴÷❯✓ ☎ ÔâÐ✍é➪Ø➪å❮Ï✵ä❴Ô❯✓➓ßàÖ✘ÔÑ❐ãä✴✓➹❒✝Ø➪Ö⑥Õ✹Ô❞➬➏ò❂ó❂ó✵ó➹ñ
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é➪Ï❂äÞ×✍Ø➪äÞ×✝ô➬Û❴Ô❂❒✝ØÚÙ✜❐✟✆➏Ô❂ï✵Ø✬Ð✍Ø➄×✝Ð✍❐❮Ø✞✠✵ÔÑåç×✑✣❆✠➴Ø✪Ð✫✠➹❐❮Ø➄❰▼ÔÑä✘Ù✜Ö➫Ð✍Ï✵Ö☞Ï❂❒✍Ô❂å❮❒➪ñ❰➧❈➼❣➸ç➸➢✶✸✷✰➯ Ü ✶✧➫✥➨✥➲❣➯❡✳✄➸➟✳P➨♠➯▲Ó✉✶❘➸ç➸➢✶✸✷❘➳✫✓✳ò❂ó❂ó ➟ ñ

➟ ø ➠ ❐✗ñ✰✗➑ØÕ❴å❮å❮Ø➄Ð✰✓➴ß❆ñ❈✗ÓÔâÐ✍é✪✃❴Ô❂ä❴Ù➹ô➐✗ÓÔ❂❐❮å❮å❮Ø➄×✰✓✁➡✂ñ✁✗⑧ØÕ➫å❮åãØ✪Ð✰✓➴ÔÑä✘Ù✎➱⑤ñ✹✃✿Õ❴ä➓ñ✵➱✳Ïâ❰✤ÔÑÐ✮Ù➹❒➶Ô❋çðÔÑ❐❮Ð✼Û☞Ø➪ä❴é✮✃❡✆➏ÔâÐ✍Ò✕ç❍Ï❂Ð✷❐✮✆➏ÔÑï✵Ø❈Û➫Ð✍ÏÚ❰✕❒✝Ø➄Ð✍❒➪ñ
☞ ä❍Ï❩➧❛➻➩ê➑➧✍➺❙➨♠➸❹➨❣➯❡✳P➫❃➳❰ê➎➼❣➳✥➸çë✩✲❧➨❈✳P➫◆✶❘ë❆✲✴✳P➭❥✶✧➨❣ë✖➼❣➯➍➭❡ì❪➼♠➸❹➼ ➾ ➨❣➚❽➚➄➪❩➯❡✳P➫✥➼❣➸➟✳P➨♠➯❧➳✫✓ ☎ Ï✵❒ ×✍Ï❂ä✙✓✝✗ ✍ ✓❞ã✎ß ✍ ✓❂á⑤Ï✁✠➴Ø✞✆✒Û☞Ø➄Ð✚õ✩Ô❞➬òÑó✵ó✵óàñ

➟ ➟ ó ➠ ❐✗ñ❡✗⑧ØÕ➫å❮åãØ✪Ð✰✓➍➡✒ñ❡✗⑧ØÕ➫å❮åãØ✪Ð✰✓❆ß❆ñ❡✗ÓÔâÐ✍é✪✃❴Ô❂ä✘Ùàô➐✗ÓÔ❂❐❮å❮åãØ✪×✰✓☞➱⑤ñ❧✃❈Õ➫ä✙✓❀➮✟ñ❡✗ ñ❴ß❙äÞÕ❴❐ëÐ✍Ø✎✓❧í✼ñ❧✃✼Ø♠îé➪Ø➪ä❴Ï✁✠à❐✰ïé✎✓✄✡✬ñ❊➢⑤❐❮Ø➪❒✝❒✞✓✘Ô❂ä✘Ù ✍ ñ❙✃✼ñÙ➹Ø▲Ö❈Ð✍❐❮Ø➪❒➪ñ❹✗➝ì✖✗✛✕✖× ✍ é➪Ï✎✆✏✆✒Õ❴ä❴❐❮éÚÔâ×✍❐❮Ï✵äîÖ➫Ð✍Ï❂×✍ÏÞé➄Ï✵å✕çèÏ❂Ð➵é➪Ï❂äà×✍Ø➄äà×✝ô Û❴Ô❂❒✝ØÚÙ✦❐✟✆➏Ô❂ï✵ØÓÐ✍Ø✪×✝Ð✍❐ãØ✒✠✵ÔÑå ñ ☞ ä➋➻✰➯❙➸➢✶✸✷❘➯➍➼❣➸➟✳P➨❣➯➍➼✁➽
➾ ➨❣➯✘➵✰✶✸✷✫✶❘➯➍➫◆✶❽➨❣➯●✲✴✳✄➳✥➪❧➼❣➽✬➻✰➯✩➵❃➨✪✷❘➚✶➼❣➸➟✳P➨❣➯⑥Ï❙Ð❣➳✥➸➢✶❘➚➄➳❅➶❈✲✴✳✄➳✥➪❙➼✁➽qè❩é✜é✜é❘➷✰✓✯✕❆ÝÞÏ✵ä✴✓✘æ➹Ð✮Ô❂ä❴é➄Ø✎✓❴á✬Ï✁✠➴Ø✞✆✟Û☞Ø✪Ð✕ò✩Ô➴ö✜ò❂ó❂ó✵ó➹ñ
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